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ing a base plate and a cooling housing. The cooling housing
includes a receptacle plate and a cover. The receptacle plate
has an opening. The receptacle plate is connected to the base
plate of the semiconductor module around the opening. The
cover is connected to the receptacle plate along a closure
path around the opening, and either the receptacle plate or
the cover is formed as a stamped or deep-drawn plate.
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1
DIRECT COOLING OF A POWER
CONVERTER BY USING A STAMPED PLATE

FIELD

The subject matter of the present invention is a power
converter comprising at least one semiconductor module
having a base plate and a cooling housing.

BACKGROUND

The strong increase of electric vehicles generates a high
pressure on the performance and the costs of power semi-
conductor modules which are used in electrical drivetrains.
For semiconductor modules, this means in particular a
continuous development toward higher operating tempera-
tures and higher power densities.

One possible way of expanding permissible operating
temperatures to a higher level can be to replace the conven-
tional potting of semiconductor module upper sides with
injection molding. An injection molded module can have a
base plate, which is held in a molding compound. For
optimum cooling, cooling structures can be formed inte-
grated directly into the base plate, wherein the cooling
structures are in contact with a cooling fluid.

A semiconductor module or half-bridge module generally
comprises two functional changers. To provide a three-phase
converter, three semiconductor modules have to be com-
bined. Accordingly, a cooler has to have an inlet opening and
an outlet opening, wherein a cooling fluid which is guided
through the cooler has to flow through the cooling structures
of all three semiconductor modules.

It is conceivable to arrange all six functional changers of
the power converter on a single large plate. However, there
is generally a limit in molding presses with respect to the
maximum possible volume of the molding compound. This
volume is exceeded in the case of a combination of three
semiconductor modules. If moreover all semiconductor
chips are installed on a single base plate before they are
tested, this results in a significant reduction of the production
yield due to faulty chips or connections. To achieve a good
output, it is therefore important to produce and test half-
bridge modules individually before they are combined to
form a power converter.

A package of power electronics is known from document
EP 0 831 684 A2. The package has a deep-drawn, hat-shaped
cover and a flat sealed base, which are connected to one
another in order to close the electronic circuit board by
folding over a circumferential edge hanging down of the
cover around the circumferential edge. The cover can have
an L-shaped circumferential edge, wherein a first section
protrudes radially outward and a second section hangs
downward.

SUMMARY

It is the object of the present invention to provide a power
converter which enables a reliable, compact, and economic
arrangement of various closely combined half-bridge mod-
ules, in particular a six-pack configuration.

The subject is achieved by a power converter having the
features of claim 1 and by a method having the features of
claim 9. Advantageous refinements and embodiments are the
subject matter of the description and the description of the
figures.
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The subject matter of the present invention is a power
converter comprising at least one semiconductor module
having a base plate and a cooling housing.

According to the invention, the cooling housing com-
prises a receptacle plate and a cover, wherein the receptacle
plate has at least one opening, wherein the receptacle plate
is connected to the base plate of the semiconductor module
around the at least one opening, wherein the cover is
connected to the receptacle plate along a connecting region
around the at least one opening, wherein either the recep-
tacle plate or the cover is formed as a stamped or deep-
drawn plate.

The semiconductor module generally comprises a sub-
strate and a base plate, wherein the base plate is arranged by
means of a molding compound on the substrate. A cooling
structure is typically arranged on the base plate. In general,
the base plate is formed from an aluminum-coated copper,
from aluminum, from an aluminum alloy, or from AlSiC
(aluminum silicon carbide).

The receptacle plate is formed as a frame and generally
has at least one opening which is configured to accommo-
date at least a part of the base plate. In general, the opening
is configured to accommodate the cooling structure of the
base plate. The opening is generally formed rectangular.
Optionally, the opening can have rounded corners. The base
plate has a connecting region which is formed in each case
around an opening of the base plate. The base plate is welded
in the connecting region to the receptacle plate. This offers
the advantage that semiconductor modules are arranged so
they are also testable after the welding. Due to the welding
of the semiconductor modules, in particular the base plate to
the receptacle plate, the cooling structure of the semicon-
ductor modules/half-bridge modules cannot be expanded up
to the boundary of the cooling duct, since the overlap region
of the receptacle plate and the base plate of the semicon-
ductor module has to be accessible to the welding device.
Therefore, a surrounding flow blocker can optionally be
used in the cooling housing.

The cover is configured to form the cooling housing or a
cooling duct together with the receptacle plate. The cover is
generally welded onto the receptacle plate here. A sealed
cooling duct or a sealed cooling housing, which is config-
ured to guide a cooling fluid, is formed by the welding on of
the cover. The cover can be formed bent, wherein the bend
can be formed bent toward the base plate, bent away from
the base plate, or in parallel to the base plate. A design of the
cover bent toward the base plate offers the advantage that
instead of a T-weld, in which two plates arranged at a right
angle to one another are welded to one another, a flange weld
can be carried out since the rounded corners of the cover do
not meet the base plate at a right angle. A flange weld offers
the advantage that the sensitivity of mechanical tolerances of
the welding procedure can be reduced and the robustness
and leak-tightness of the closed cooling housing can be
increased, since flange welds withstand higher pressures. A
further advantage is that the receptacle plate and the cover
can be produced by deep drawing or by stamping. Stamping
is a special form of deep drawing with depth which is not
excessively large.

The stamped embodiment of the receptacle plate more-
over offers the advantage that the production costs are
reducible to a minimum and at the same time good welding
capability and leak-tightness can be ensured, in particular in
comparison to parts made of diecast aluminum. The present
invention is thus particularly advantageous for the integra-
tion of directly water-cooled, compression-molded semicon-
ductor modules in a traction inverter for electric vehicles.
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In one embodiment, the base plate, the receptacle plate,
and the cover are configured to form the cooling housing or
a cooling duct for a cooling fluid. In general, the base plate,
the receptacle plate, and the cover are connected to one
another in such a way that a spacing is formed between
them, which is configured to accommodate the cooling
structures of the base plate. The cooling duct and the cooling
housing are configured so that a cooling fluid can flow
through them. A cooling fluid can be water, a water-glycol
mixture, or another coolant.

The cover is configured to be connectable to the recep-
tacle plate. The cover is connected to the receptacle plate and
forms a cooling housing or a cooling duct together with the
receptacle plate. The required height (volume) of the cooling
housing or the cooling duct, in particular the height which is
necessary to house a cooling structure in the cooling housing
or the cooling duct, is achieved by stamping or deep drawing
of either the receptacle plate and/or the cover or both.

The cover therefore optionally has a stamping or a deep
drawing. For example, a stamping can be formed bent or
trough-shaped. The receptacle plate thus optionally has a
stamping or a deep drawing. For example, a stamping can be
formed bent or trough-shaped.

In one refinement, the base plate has a cooling structure,
which is subjected to the cooling fluid in the opening of the
receptacle plate. A cooling structure can be designed, for
example, in the form of cooling ribs or cooling pins. In
general, the cooling structure is formed adjacent to a semi-
conductor chip on the base plate.

In a further refinement, either the receptacle plate or the
cover is formed trough-shaped, wherein the depth of the
trough-shaped form provides the required height of the
cooling duct and the required height to accommodate a
cooling structure, in particular cooling ribs.

In one embodiment, the cover has an inlet opening and an
outlet opening to connect the semiconductor module in a
fluid-conducting manner A cooling fluid can be introduced
into the cooling housing through the inlet opening. In
general, the cooling fluid flows from the inlet opening to the
outlet opening. In this case, the cooling fluid flows through
at least one of the cooling structures of the semiconductor
modules arranged in the plate. The inlet opening and the
outlet opening can each be formed as separate components
which are attachable in a separate step to the cover. For
example, the inlet opening and the outlet opening can be
welded onto the cover. Alternatively, the inlet opening and
the outlet opening are formed as depressions of the cover.
The inlet opening and the outlet opening are typically
configured to be connectable to plugs having O-rings or
seals.

In one embodiment, the receptacle plate is connected to
the base plate by welding, in particular by laser welding,
and/or the cover is connected to the receptacle plate by
welding, in particular CMT (cold metal transfer) welding.
Alternatively, the receptacle plate is connected to the base
plate by means of laser metal deposition (LMD) welding. In
general, the receptacle plate is connected to the base plate in
the connecting region which is formed circumferentially
around an opening of the receptacle plate.

In one refinement, the receptacle plate and the base plate
are formed from aluminum or an aluminum alloy. Alterna-
tively, the receptacle plate is formed from a copper coated
with aluminum.

In one embodiment, the receptacle plate has an emboss-
ing, wherein the receptacle plate is configured and formed to
accommodate a surrounding flow blocker in the embossing,
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wherein the surrounding flow blocker is configured to con-
duct a cooling fluid via the cooling structure.

The receptacle plate can optionally comprise the sur-
rounding flow blocker. The surrounding flow blocker can be
applied to the receptacle plate before the cover is welded to
the receptacle plate to form the cooling duct. The surround-
ing flow blocker is thus formed and configured as an insert.

The surrounding flow blocker is configured to guide the
cooling fluid. The surrounding flow blocker is configured to
guide the cooling fluid in such a way that it flows through the
cooling structures of the semiconductor modules. The sur-
rounding flow blocker thus prevents the cooling fluid from
bypassing the cooling structures of the semiconductor mod-
ules or reduces such bypassing. This contributes to improved
cooling performance. Moreover, the surrounding flow
blocker can be formed as a deposit surface, on which the
cover can be rested after the cover has been applied to the
receptacle plate. This ensures the vertical alignment of the
cover during the welding of the cover with the receptacle
plate. Alternatively, the cover can rest solely on the cooling
structure of the base plate during the procedure of the
welding. The surrounding flow blocker can be formed from
a plastic or a metal. The material of the surrounding flow
blocker is selectable in dependence on a temperature
increase of an adjoining process. In a further alternative
embodiment, the surrounding flow blocker is formed inte-
grated in the cover.

Furthermore, the present invention relates to a method for
producing a power converter comprising a semiconductor
module having a base plate and a cooling housing, wherein
the cooling housing comprises a receptacle plate and a cover,
according to one of the preceding features.

In a first step, the receptacle plate is welded on the base
plate. For this purpose, both the receptacle plate and also the
base plate have a weldable material in a connecting region.
During the connection of the receptacle plate to the base
plate, the base plate is connected to the receptacle plate in
such a way that the cooling structure is guided or can be
guided through an opening of the base plate and thus is
subjected or can be subjected directly to the coolant.

In a further step generally chronologically following the
first step, the cover is welded on the receptacle plate. The
cooling housing or the cooling duct is formed by this step.
A sealed housing is formed by the welding, which can guide
a cooling fluid.

The above-described method furthermore offers the
advantage that material is only required for the receptacle
plate, in particular aluminum. Moreover, only the methods
stamping, cutting, and welding are required for the produc-
tion. The material for the receptacle plate, the cover, and the
inlet and outlet openings is generally aluminum. The open-
ings of the receptacle plate are generally cut out or stamped
out.

To connect the receptacle plate to the base plate of the
half-bridge modules and to connect the receptacle plate to
the cover, in general a welding method is used. This proce-
dure can be automated for a high production volume.

In an alternative embodiment, the cooling housing or the
cooling duct is formed from an extruded material, wherein
the cooling housing or the cooling duct is formed from at
least two parts.

In a further alternative embodiment, the cooling housing
or the cooling duct is made of diecast aluminum.

In one refinement of the method, a surrounding flow
blocker is inserted into the receptacle plate before the
welding of the cover on the receptacle plate. The surround-
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ing flow blocker is designed as a frame circumferential
around the semiconductor modules.

BRIEF DESCRIPTION OF THE FIGURES

The invention is schematically shown on the basis of
embodiments in the drawing and is described further with
reference to the drawing, wherein identical components are
identified by identical reference numerals. In the figures:

FIG. 1 shows a perspective exploded view of a structure
of a power converter according to the invention,

FIG. 2 shows a side view of a structure of a power
converter having three embodiments of the arrangement of
a base plate, a receptacle plate, and a cover,

FIG. 3 shows a perspective view of two semiconductor
modules welded to a receptacle plate,

FIG. 4 shows a perspective view of three semiconductor
modules welded to a receptacle plate having a surrounding
flow blocker arranged in the receptacle plate,

FIG. 5 shows a side view of a structure of a power
converter according to the invention having a base plate, a
receptacle plate, a surrounding flow blocker, and a cover.

DETAILED DESCRIPTION

FIG. 1 shows a perspective exploded view of a structure
of' a power converter 10 according to the invention. Three
semiconductor modules 11 are shown, which each have a
substrate 22 and a base plate 12. Cooling ribs 18 are formed
on the base plate 12. The three semiconductor modules 11
are introduced into a shared receptacle plate 14, wherein the
receptacle plate 14 has openings 16 corresponding to the
number of the semiconductor modules 11. An opening 16 is
configured in each case to accommodate a semiconductor
module 11 in such a way that the cooling ribs 18 are arranged
in the opening 16.

The three semiconductor modules 11 are each welded to
the receptacle plate 14 in a connecting region, which is
formed in each case around an opening 16. The receptacle
plate 14 is configured to accommodate a surrounding flow
blocker 21. The surrounding flow blocker 21 can optionally
be arranged in the receptacle plate 14.

The surrounding flow blocker 21 is designed as a frame
enclosing the semiconductor modules. The receptacle plate
14 has a depression, in which the surrounding flow blocker
21 can be introduced. The receptacle plate 14 having the
surrounding flow blocker 21 can be closed by means of a
cover 15, whereby a cooling housing or cooling duct is
formed. The cover 15 has each of an inlet opening and an
outlet opening 19, 20, via which a cooling fluid can be
introduced into the cooling housing or the cooling duct.

FIG. 2 shows a side view of a structure of a power
converter 10—shown in FIG. 1—having three embodiments
of the arrangement of a base plate 12, a receptacle plate 14,
and a cover 15. In the first embodiment in FIG. 2a, the base
plate 12 is shown as well as the receptacle plate 14 and the
cover 15. In this case, both the receptacle plate 14 and also
the cover 15 each have a curved, bent shape here. The
receptacle plate 14 is connected via a connecting region 23,
which is formed as a spot weld, to the base plate 12. The bent
cover 15 is connected via a further connecting region 23,
which is formed as a spot weld, to the receptacle plate 14.

In the second embodiment in FIG. 25, the base plate 12 is
shown as well as the receptacle plate 14 and the cover 15.
In this case, the receptacle plate 14 has a bent, curved shape,
while the cover 15 is formed level or straight. The receptacle
plate 14 is connected via a connecting region 23, which is
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formed as a spot weld, to the base plate 12. The linear cover
15 is connected via a further connecting region 23, which is
formed as a spot weld, to the receptacle plate 14.

In the third embodiment in FIG. 2¢, the base plate 12 is
shown as well as the receptacle plate 14 and the cover 15.
In this case, the receptacle plate 14 has a straight or linear
design, while the cover 15 has a bent, curved shape. The
straight receptacle plate 14 is connected via a connecting
region 23, which is formed as a spot weld, to the base plate
12. The bent cover 15 is connected via a further connecting
region 23, which is formed as a spot weld, to the receptacle
plate 14.

FIG. 3 shows a perspective view of two semiconductor
modules 11 welded to a receptacle plate 14. The semicon-
ductor modules 11 each have a substrate 22 and a base plate
12. Cooling structures in the form of cooling ribs 18 are
formed in each case on the base plate 12. The two semi-
conductor modules are each arranged in an opening 16 of a
receptacle plate 14. The two semiconductor modules 11 are
each connected, in particular welded, via connecting regions
23, which are each formed around a respective opening 16,
to the receptacle plate 14. The cooling ribs 18 point through
the openings 16 of the receptacle plate 14.

FIG. 4 shows a perspective view of three semiconductor
modules 11 welded to a receptacle plate 14 with a surround-
ing flow blocker 21 arranged in the receptacle plate 14. The
three semiconductor modules 11 are each connected, in
particular welded, to the receptacle plate 14. The cooling
ribs 18 point through the openings 16 of the receptacle plate
14. The receptacle plate 14 has a depression which is
configured to accommodate the surrounding flow blocker
21. The surrounding flow blocker 21 is designed as a frame
enclosing the three semiconductor modules 11.

FIG. 5 shows a side view of a structure of a power
converter 10 according to the invention having a base plate
12, a receptacle plate 14, a surrounding flow blocker 21, and
a cover 15. Both the cover 15 and also the receptacle plate
14 each have a stamping, which is formed in each case as a
curved, bent shape. The stamping of the receptacle plate 14
is formed opposite to the stamping of the cover 15, whereby
a cooling housing 13 or a cooling duct is formed, which can
accommodate the cooling structure 18 of the semiconductor
module 11.

The receptacle plate 14 is connected via a connecting
region, which is formed as a spot weld, to the base plate 12.
The bent cover 15 is connected via a connecting region,
which is formed as a spot weld, to the receptacle plate 14.
Furthermore, the surrounding flow blocker 21 is shown in
the receptacle plate 14.

LIST OF REFERENCE NUMERALS

10 power converter

11 semiconductor module
12 base plate

13 cooling housing

14 receptacle plate

15 cover

16 opening

17 cooling duct

18 cooling structure, cooling ribs
19 inlet opening

20 outlet opening

21 surrounding flow blocker
22 substrate

23 connecting region
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The invention claimed is:

1. A power converter, comprising:

at least one semiconductor module, each having a base

plate with a cooling structure, and

a cooling housing,

wherein the cooling housing comprises a receptacle plate

and a cover, which is formed independent of the
receptacle plate and which is welded to the receptacle
plate around at least one opening provided in the
receptacle plate,

wherein each base plate is arranged in a corresponding

one of the at least one opening of the receptacle plate
and is thereby connected to the receptacle plate, so that
each cooling structure extends into a cooling duct of the
cooling housing,

wherein a cooling fluid flows through the cooling duct,

and the cooling duct is delimited by the receptacle
plate, the cover, and each base plate,

wherein a flow blocker configured as an insert is placed

inside the cooling duct, inboard of all seams between
the receptacle plate and the cover, and is shaped to
guide the cooling fiuid through each cooling structure
and to reduce an amount of cooling fluid that would
otherwise bypass each cooling structure, and

wherein one or more of the base plate, the receptacle

plate, and the cover are bent in a curved shape in a
connecting region at which the base plate, the recep-
tacle plate, and the cover are welded to one another.

2. The power converter as claimed in claim 1, wherein
either the receptacle plate or the cover is formed as a
trough-shaped embossing, and

wherein a depth of the trough-shaped embossing accom-

modates the cooling structure.

3. The power converter as claimed in claim 1, wherein the
cover has an inlet opening and an outlet opening which serve
as fluidic connections.

4. The power converter as claimed in claim 3, wherein the
inlet opening and outlet opening are formed substantially
perpendicular to a dominant plane of the cover.

5. The power converter as claimed in claim 1, wherein the
receptacle plate and the base plate are formed from alumi-
num or an aluminum alloy.
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6. A method for producing the power converter as claimed
in claim 1, comprising:

a) welding each base plate onto the receptacle plate, and

b) welding the cover onto the receptacle plate.

7. The method as claimed in claim 6, further comprising
inserting the flow blocker before welding the cover onto the
receptacle plate.

8. The power converter as claimed in claim 7, wherein a
height of the flow blocker is selected to vertically align the
cover for assembly.

9. The power converter as claimed in claim 1, wherein the
receptacle plate is curved in an S-shape in cross-section such
that:

a first side of the S-shape is flush with the base plate at a
first connecting region at which the receptacle plate is
welded to the base plate, and

a second side of the S-shape is co-planar with the cover
at a second connecting region at which the receptacle
plate is welded to the cover.

10. The power converter as claimed in claim 9, wherein
the cover is bent towards the base plate at the second
connecting region.

11. The power converter as claimed in claim 9, wherein a
height of the flow blocker is selected to vertically align the
cover for assembly.

12. The power converter as claimed in claim 1, wherein
the receptacle plate is flush with the base plate at a first
connecting region at which the receptacle plate is welded to
the base plate, and

wherein the cover has a cross section which is curved in
an S-shape such that:

a first side of the S-shape is flush with the receptacle
plate, and

a second side of the S-shape is spaced apart from the
receptacle plate and the base plate.

13. The power converter as claimed in claim 12, wherein
a terminating edge of the cover, at the first side of the
S-shape, with the receptacle plate forms a second connecting
region at which the cover is welded to the receptacle plate.

14. The power converter as claimed in claim 1, wherein
a height of the flow blocker is selected to vertically align the
cover for assembly.



